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ON 



THE POWER OF WATER. 



PREFACE. 

Some of the most pleasant days of the author's early life 
were passed on a small, but picturesque estate belonging to 
his family, on which were three com mills — one driven by 
wind, and two by water. To his youthful associations with 
these and their tenants may in part be owing his attachment 
to mechanical pursuits. Subsequently his father was induced, 
as an investment, to build, on other property, a flour-mill 
driven by steam, to which, during its erection, he was a daily 
visitor. 

In after life his professional employment as a civil 
engineer jBrequently involved the construction of water- 
wheels, many of them on a large scale, for drainage and 
irrigation, and for motive power, besides hydraulic works of 
various kinds. 

Few persons have had occasion to use the steam-engine 
more extensively, and he is fully sensible of its great value 
and importance as a prime mover for machinery ; yet he 
has often felt that water-power has been unduly superseded 
or neglected when it might have been usefully employed ; 
there are many places where fuel is scarce, where water 
abounds, and where mechanical power is wanted, but much 
expense cannot be afforded ; and if motive power be used 
at aU^ it must be obtained at light coat. 



viii PREFACE. 

In sucli circumstances are some of the colonies, and many- 
parts of Ireland : there water-power must precede the steam- 
engine and be the pioneer to manufacturing industry. 

He has often contemplated writing some short and 
popular work on this subject, whenever an opportunity 
might present itself: this has now occurred in the publi- 
cation of a series of rudimentary books by Mr. "Weale; 
and having already written one of these, a " Eudimentary 
Treatise on Cranes," which has circulated very extensively, 
and been translated into several foreign languages, he has 
been induced to devote such intervals of leisure as he could 
obtain to the production of the present volume. 

It is with much satisfaction he inscribes this Eudimentary 
Treatise on Water Power to the Earl of Eosse ; not only from 
his lordship's weU-known attachment to science, but from his 
practical knowledge and skill in the mechanical arts, and 
his zeal for the benefit and improvement of his country. 
It will be most gratifying to the author if this little book 
contribute in any way to extend the employment of a power 
which Ireland so largely possesses, or to aid in advancing 
the progress of manufecturing industry in the sister island. 

J. a. 

LoTidon, December, 1852. 
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EUDIMBNTAET TEEATISB 



ON 



THE POWER OF WATER 



; TO TUBN MILLS AND GIVE MOTION TO MACHINES. 



CHAPTEE I. 



THE EARLY USE OP MILLSTONES TO GRIND CORN, AND THE 
EMPLOYMENT OP WATER AS A MOVING POWER. 

Althottgh labour is the lot of man, and is indeed necessary 
to bis existence, yet the human mind naturaUj revolts from 
those kinds of labour in which it takes no part, and in all 
Bges men have endeavoured to shun mere ton involving only 
the employment of animal strength without the exercise of 
thought or dexterity. Thus it has ever been from the 
••rliest ages even imtil now, that occupations requiring 
XM)thing beyond the exertion of muscular force have been 
ttsigned to persons taken captive in war, or sold into 
davery, or reduced by other misfortunes to perform constant 
ttd monotonous labour. 

Such were of old the hewers of wood and the drawers 
of water, and when com was first ground to make bread, 
tte task of turning the mill was performed by the bondman 
ot the captive, or else among rude tribes it was imposed on 
fte women of the family while the men were engaged in 
tiur or in the chase. 

Thus we read in the book of Judges, wliea t\i^ ^\3M\a^cakS^ 
'hped mjuTjr aad insult on their latteu foe, ** tVieY ^^ ^^'^ 



iiit (*vet auc tinuiiL ir.n viuL i£!ii:irf of brnsSk. sod he dil 

■ 

iiniiL iL Hit priB:>if-ii:m»*. ' 

u».fbjju;n>i. :if I. ptJiii tiiL niirnr;^ flmjart- ii*- silts. ~ Coaoe 
ut»v'i. unt. BIT n. lilt ELiua. '. ' virxriL dnurtitar of BaI^tIoii, 
hi: ;h Hi* cv.iuiiL : "ijiii^rt jf n: tiirnufi. dsnfiihwer of tha 
'Jiuiiueuut i:i! Ti1i:il khilii h: mnrt "r»f cLlifld tfi!nd» and 
atiiiai*i/t. -uLt r.m niHistnnef lul cthil iii{:l1." 

'J' lit tTLii:iiii£ :>- nifiifc. liT'Tetrs- ::: nt^i "nwxL performed in 
't!r» ?'*'iii:>i+ uiret I't l :jti^ a: niHisErjiifSi. siiiiiiar in form and 
11. jir:ii'u;iit ii uLi:»w &i Tjrei^f^ri 'jl usf.. ubr iiffBreDoe being 
tiuit'f' :i. uiiei: Bis.t tiji n tiJt- iLnii* ;>:" drivi-r libenL The 
it.jbui' ii:v" BUT'K. •■ 2^: TLizz. hiiL lut* "Ciif Dtiiitifa' or ilie upper 
ir.lliHi/jut i: juitirr i.ir iif laifiui. l tticl's life xo pledge." 

uiiC L-* tifwL i^iyjiiz L.b:'Zi "Liisir iuijrafir.t c&iej* and stanons, 
'.ui: ii-.'wuw* TierliLTis- ii. su:ji iiiJiibfjT- iizia Tarifltr as in the 
•.••.'i-.'.i;^ :»-■ Z^:»r;iLiL2.rierjiii. iiii:^Li: x^f ilsic of the Boman 
vul. liui! iiiiiUT liiie €xiiii:"je? arf T^^'s^erred "br the Anti- 

'J'li^jb* iLTr rT'iieriiJT lTx-wT & fov'-T in diameter, saidi made of 
iiii* '.iLvi «lij as:.-:'ijif i':-zij5. ii tbf- coni: cisErdcT*. hence called 
r.-.V.iM:.-.»iir aril. Tiie Jrver ELiL>"i.:Tjt- vas *.tiwi:niarr ; some- 
tuii^t :i vki- ziAkLi larzTfT tnan tne "upT^fT stcne, and had a 
riv. -:'? MTurT tC' ooniizie iLe iijcval nnd ^iiai5«e it to be deliTered 
in- t fc-;r.-ui ii-ir: L S'LiHov Tessel or sieTe, but general^ it 
V ufr u .•••j-.Lij.i Btcne cf ibe same si?*- s* the top stone, and 
i\v,.^\ liuri \*i^-z^ &e: c>ii a cLoi:- spread upon the groimd te 

>-.:, "jv-rliT-i pin c-r pivot ^ed in the centre of tbe nether 
nr'-LriivU*- f.vnLrid a kind vf axis, aiid passed thnffugh a hob 
i!L : J*: 'j.;;^:^! FtfitL-r. "wideh like ihe neiber millstone was oft 
iliii ■;:-••'; -..^ fiTd- Tne upprT stone "sras Sued widi a handb 
*-'. -sr:-^'-: h rj'ji^d, ai.d make i: revc'ive over the lover stone; 
b'.'v.i::f;.:.iLefc lie lipper surlaoe of the top stone was hollowed 
::jv, u kLhZrjir dith to hold a iv>Ttion of the com to ha 
ivv--.... vv}^:L-w-a5 cradiialiT shaWzi down the hole round 

' mm m 

v^s: ii.'pi iizLk \t thr morion of the mill. 

ji -t 'r^j-':^.''^ V.' obserre tLat the principle* on which cotiif 
.•/.."...« vf^rc c;:c*iTruCTed thousands v^f years afro, remain ' 
tt ■-.A "^^ 1 '..*: rre=sci.L day, and ** the work " as mill 
'^u. ..i; ::_i.T ifc T:-e system of gixxwes cut in the grin( 
"•W^t ',i W'-z .v-LliTMiies which crossing each other when 
i«ucc: ici . J:«r & jair of shears to cwt tW ^r^^ *nd also 
Knk jx 'j-jx f>viL the centre to tXie cSic^3cm$fit«aRfc,«»ttfS' 
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CHAPTEE m. 



ON THE MEASUREMENT OF EFFLUENT WATER. 

There is perhaps no point wldcli lias occasioned moM 
dispute and litigation, th^ the conflicting rights of persom 
entitled to take water power, in certain proportions, fromi' 
common source, where the demand exceeds the supply ; ani: 
there are perhaps few of greater interest at the present 
time, when the increased size and population of our towm 
and cities render their call for water imperative. 

The conclusions arrived at by Mr. George Eemiie, as 
reported in the Philosophical Transactions of the Boyd 
Society, are, — 

1. That the quantities discharged in equal times are 81 
the areas of the orifices. 

2. That the quantities discharged in equal times, under 
different heights, are nearly as the square roots of the 
corresponding heights. 

8. That the quantities discharged in equal times, under 
different heights, are to each other in the compound ratio d 
the areas of the apertures, and of the square roots of the 
heights, nearli/. The heights were measured from the centre 
of the apertures ; and the mean of several experimenti 
showed, that the co-efficients or numbers expressing th0 
proportion between the theoretic discharge of the water, 
calculated as a falling body, and the actual discharge, ae 
measured, are as under; all the openings being formed 
in brass plates -g^^ of an inch thick. 

Eound hole, 1 inch diameter, with 4 ft. head. 0*621 



Do. do. 1 ft. 

Triangular hole (equilateral) 1 in. area 4 ft. 

Do. do. do. 1 ft. 

Eectangular holes 1 in. sq. and 2 x i 4 ft. 

Do. do. do. do. Ifb. 



0-645 
0593 
0-696 
0-59a 
0-616 



The mean of all these numbers is '610, and for the rectas- 
S72^ar holes, it is '600. Hence Mr, Bennie deduces tte 
tbllowmg formul& : — 



' an, are for m 419, and for k -079 ; which laat numt 
tg multiplied by 60, to make it tW lactor for feet j 
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Bunute, ^vee 4*74. So that the first is slightly over Mr. 
George Kennie's '400, and the second somewhat under the 
aumber 5*1 or 5*15 generally used. This is accounted for 
by 80 many experiments with low heads, as will be seen on 
referring to the next table, arranged by Mr. Blackwell. 



Tablk skowing the Vasiation of ilie CorEFFiciENTS /or ihe differemt Heads 
OF Wateb. (m and h mean Co-efficents.) 



No. of 
trials. 



6 



11 



23 



56 



40 



9 



6 



14 



Description of Orerfalls. 



Thin plate 8 feet long . 



M 



)* 



» 



Thin plate 10 feet long 






it 
it 



ft 

ft 



Plank 2 inches thick, with notch 
3 feet long .... 



ft 



ft 



Plank 2 inches thick, with notch 
6 feet long .... 



tt 



ft 
ft 



ft 
tt 



Plank 2 inches thick, with notch 
10 feet long .... 



tt 
tt 



ft 
ft 



ft 
ft 



Plank 2 inches thick, notch 10 feet, 
with wings .... 



Over&ll with crest . 

3 feet wide, sloping 1 in 12 

3 feet long, like a weir 



Overfedl with crest 

3 feet wide, sloping 1 in 18 

3 feet long, like a weir . 



Ditto. Sloping 1 in 18 . 
3 feet wide x 10 feet long 



/ 



Overfall, with level crest 
3 feet wide x 6 feet long 



Head in 
inches. 


lto3 
3 to 6 


1 to3 
3to6 
6 to 9 


1 to3 
3 to 6 
6 to 10 



1 to3 
3 to 6 
6 to 9 
9 to 14 



1 to3 
3 to 6 
6 to 7 
9 to 12 



1 to2 
4 to 6 



lto3 
3 to 6 
6 to 9 



1 to3 
3 to 6 
6 to 9 



lto4 
4 to 8 



// 



>t 



ft 



\ 



1 to3 



m 



•440 
•402 



•501 
•435 
•370 



•342 
•384 
•406 



•359 
•396 
•392 
•358 



•346 
•397 
•374 
•336 



•476 
•442 



•342 
•328 
•311 



•362 
•345 
•332 



•328 
•350 



085 
078 



096 
086 
072 



066 
074 
077 



069 

077 
074 
069 



•068 
•076 
•072 
•062 



•092 
•087 



•066 
•063 
•060 



•070 
•066 
•064 



•063 
•068 



•305 I ^059 
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nembers, but thej may be purchased from the booksellers' 
)y all who wish to possess the store of practical information 
mej contain. 



CHAPTEE IV. 



THE SOURCES AND SUPPLY OF WATER ITS DISTRIBUTION AND 

USE AS A MOTIVE POWER. 

The westerly winds which prevail in this country carry 
with them the clouds, laden with aqueous vapours, rising 
from the Atlantic Ocean; and, as these clouds strike the 
ridges of hills on the western side of England, they dis- 
charge the greater part of their burden there. 

The greatest fall of rain takes place where the lowering 
Tain cloud comes in contact with the hill. Above that 
point little rain falls, and below it the quantity is diminished 
until the vapours approach the general level of the ground, 
when they condense, and the quantity of rain again in- 
creases. The observations, made on lofty buildings, show 
that less rain falls on them than on the ground at their 
base, and that the quantity of rain falling on the east side 
of the island is much less than on the west side. 

In the west of Scotland, and in some places in the 
counties of Cumberland, Westmoreland, and Lancaster, a 
depth of six feet of rain often falls in the course of the year, 
wmle, on the level lands of Cambridgeshire, on the eastern 
ride of England, the depth seldom exceeds two feet. The 
same causes operate on the continent ; the western coast 
receives the greatest amount of rain, and it lessens towards 
the interior ; so that Bussia and Austria are dry climates, 
when compared with Great Britain and Ireland. The 
average annual amount of rain at St. Petersburgh, including 
also the snow and hail (when melted), is only 18 inches in 
depth, during a long series of years. 

Mr. J. F. Miller, in his report on the fall of rain in the 
lake districts of Cumberland and "Westmoreland, shows that 
at Seathwaite, near Derwentwater, 242 feet above tha %fta.^ 
tiiere fell in eighteen months, from 3\nie\'$>^^,\.<i"^«^'^'c^^^ 
184T, melusive, 19369 inches in dept\i \ aiv^^, \a. ^^^^ ^'sssNfc 
Period, at Stybead, 1290 feet aboye t\i© ^e«^ \SVVi. xasSwb'^ 
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body of observers, by whom his instructions were hsaSij 
understood, even when he flattered himself he had made 
them very clear and explicit. 

The author has before him -a series of tables, the " Collected 
observations, magnetic and meteorological, made throughout 
the extent of the empire of Russia, and published annuallf 
by order of his Imperial Majesty Nicholas the First." These 
oDservations, printed in Frencn, are made by the engineen 
of the mining corps, at their several stations; and they 
are so copious and exact, that except the observations made 
at Grrecnwich under the astronomer royal, and perhaps those 
at the universities, few registers kept in England will hear 
comparison with the Russian tables. The rain-gauge used 
is composed of two cylindrical vases of copper, placed one 
above the other, and communicating by a small tube ; the 
upper vessel is open at the top, and is larger in diameter 
than the under one. The rain water received in the upper 
vessel passes tlirough the pipe into the closed receiver below, 
whence it is drawn off by a tap into a wide-mouthed tubular 
glass measure, graduated in equal divisions. The rain-gauge 
is filled with water, until it rises in the upper cylinder to a 
point marked beforehand, and then the water is drawn off 
by the tap until it has fallen an inch. It is received in the 
cylindrical measuring glass as it runs out of the lower copper 
vessel ; and if it fill this glass 13 1 times, its total ^capacitv 
being ^Is of an inch, or 0*074 in depth of the upper yessel, 
it is only necessary to divide the glass into f-J parts, to 
show the hundredth part of an inch of rain. 

Twice a day the quantity of rain or snow that falls is 
noted and registered, that is at 8 o'clock, morning and 
evening ; except in case of a heavy shower, when the time, 
the duration, and the quantity of rain fallen are also noticed, 
along with tho half-day's downfall, and a corresponding 
remark made. 

In winter tho rain-gauge is taken into a warm room 
every twelve hours, to melt the snow or hail received in it, 
and a second instrument immediately put in its place ; every 
station being provided with two rain-gauges for this purpose. 

It is obvious that such instruments as these may be 
readily managed by private soldiers, and that correct results 
may bo obtained without much nicety of construction, and 
without much regard being paid to any of the dimensions, 
txcept the divisions of the measuring glass. 
A vary slmplo apparatus baa "been fouTvii laaid^xji \y^ the 
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author, where a better could not readily be obtained. Let 
a tin funnel be made in the form of a shallow cylinder, or 
hoop, of 13J|- inches in diameter, equal in area to one 
superficial foot, and having the bottom conical, with a pipe 
of small diameter in the centre, say three quarters of an 
inch or thereabouts : fit this pipe into the neck of a bottle 
(a stone-ware bottle is better than a glass one), and let it 
reach nearly to the bottom of the bottle ; put in a little 
water until it rises above the end of the pipe, to close and 
seal it so as to prevent loss by evaporation, and the rain- 
gauge is ready for use. 

Weigh the whole apparatus and note the weight ; then set 
it to receive the rain that may fall with the bottle sunk in 
the ground, and as the top or mouth of the funnel is one 
superficial foot in area, and a cubic foot of water weighs 
1000 ounces, every ounce of water received in the bottle is 
one-thousandth part of a foot in depth of rain fallen. 

One of the most approved rain-gauges has a funnel similar 
to the last, also a foot in area, mounted on a stand-pipe 
which receives the water, which should be carried down to 
the bottom by a slender tube trapped with water at the end, 
and the stand-pipe has a suitable base or foot. The rain 
received in the pipe is read off by means of a small graduated 
glass tube fixed to its side and communicating with it. If 
the stand-pipe's section be one-tenth of a superficial foot in 
area, and the glass be divided decimally, every inch of water 
in the glass wiU indicate one-tenth of an inch of rain ; or 
the glass may be graduated by trial to suit the stand-pipe. 

A convenient portable rain-gauge is also made which 
answers sufficiently well for temporary purposes, and shows 
the quantity of rain fallen with tolerable accuracy. It is 
made of japanned tin, somethiug like an ordinary coffee-pot, 
and is surmounted with a funnel equal in area to one-fourth 
of a superficial foot. The water it receives is poured into a 
graduated measuring glass, whose diameter or section is so 

Sroportioned to the area of the funnel as to indicate the 
epth of rain in inches and decimals, or the glass may be 
marked in the same way as those used at the Eussian stations 
before described. 

It is better to use any of these modes than a measuring 
rod or staff, which often gives incorrect results; and the 
rain-gauge should be set with the mouth of the funnel 
exactiy in a horizontal plane or level, and not ex^os^ed t<i 
blasts or eddies of wind, nor aheltexei feoTa. ^iitva crt^ixM« 



86 EMBANKMENTS AND THEIB CONSTBUCTION. 

Let it be remembered that in such situations a bed of 
alluyial soil often rests upon clay, with water oozing between 
them, and that the beds in such situations slope in the 
direction of the valley, and consequently in that of the 
thrust. This is no uncommon case, and unless the greatest 
judgment and foresight be exercised in forming such dams 
in the outset, they may sooner or later yield to the enormotu 
force pressing against them, and carry ruin and devastation 
with them. 

The author has seen railway embankments, hastily raised 
to cross the valley, where an inclined substratum of clay, 
lurking as it were beneath, intercepted the surface watei^ 
and caused an insidious and sUppeiy parting in the measure^ 
slide as if they had been launched, for several yards, ana 
wriokling up the green sward, to the dismay and loss of tha 
too clever contractors who risked such an experiment. Bntfe 
in making dams to confine water, nothing will justify sndi 
risk ; and as this little book may faU. into the hands of 
young practitioners in remote places, the author stronglf 
urges that in constructing such works nothing; should be fc& 
to chance; that well constructed banks with flat slopes 
stout puddle walls and lining, earthwork and masoiny 
sufficiently massive to resist unflinchingly the greateA 
possible amount of thrust they may have at any time to 
sustain, should be constructed in aU cases ; that means ct 
relief and discharge be provided to meet extraordinaif 
seasons ; and that both surface and substrata be carefollf 
bored and examined before the works are commenced, ana 
diligently watched during their progress, for great respcowif 
bility lies upon the mau who attempts, with insufficient 
means, to restrain a destructive and overwhelming torrent. 
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CHAPTEE VI. 



HORIZONTAL WATER-WHEELS AND SIMILAR MACHINES. 

Dhe primitive application of water-power to tiim mill- 
aes lias been noticed in the early part of this book, and 
employment of horizontal water-wheels, with vertical 
es, is still considered by French engineers to be in many 
es advantageous, as presenting great simplicity and 
•nomy, both in construction, maintenance, and applica- 
D; as requiring but little space, and in being able to 
rk in floods and in frosty weather. 

In driving com-nulls they need no toothed-wheel work, 
i in besieged towns they can be worked at all times 
shout interfering with the defences, being either placed 
ogether out of harm's way, or costing but little to shelter 
jm from the enemy's fire. 

Such is the opinion of experienced officers of the Prencli 
dllery, and we are indebted to two of them — MM. Piobert 
d Tardy — for an elaborate series of experiments and an 
cellent report on the useful effect of the ordinary 
rizontal wat^-wheel at present used in France. Those 
which the experiments were made are at Toulouse, where 
e two dams (ha/rrages) of the Garonne, and the abundance 
water in the canal of the south, near its discharge into 
it river, have rendered disposable falls of water sufficient 
put in motion a great number of corn-mills by means of 
rizontal water-wheels. These wheels are of two kinds : 
ose situate on the rivers are called bucket- wheels {d ctwe), 
d are similar to what are used at Cahors, at Metz, and 
br places ; those which are placed on the canal are called 
lirl-wheels (rouets volants), and much resemble those 
lich have existed from time inimemorial, and are turned 
the percussion of the water upon curved floats, which 
3 here used instead of the ladles that are fixed round the 
les of the mills of the Alps. 

It may here be remarked that in Northern Africa several 
de miUs are to be found in the same fashion as they have 
isted for ages, among a people the least ad^^aa^^Ycc^Jw^ 
ts of induatry ; many of them are on t\ie gcci^ isiS^^ c>lK>aa 
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minute, tlie useful effect was from 29 to 33 per cent., u 
when the reeutance of the work done reduced their spec 
to 90 snd 85 turns per minute, their effect reached to 3 



iti]d 40 per cent, of the power erpeniel, t\vft -ok^&I «ffieut 
iLeae wneela beiag nearly the Bume aa ftisA ol>LVft<Ai-««A 
9Aot water-wheel. 



EOKOONTAL VATER-WHSELS 

Fi«. IS, 




Tbie combination is a great improvement upon the whM 
at Toulouse, before described ; and the same principlea bv 
been further developed by MM.. Yromoat, who obtain 
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i, appears, from experiments made on its efficiency, 
e of the most successful modifications of that form 
led into France by Foumeyron, in place of the old 
al water-wheel. 

is another simple and useful water-wheel used by 
nch in Guienne and Languedoc, sometimes called 

Poire, or the pear-shaped wheel. It is also a 
;al wheel with a vertical axis ; and when the power 
I is not great, the water plentiful, and the means of 
;tion limited, it may often be adopted with advantage. 
sts of an inverted cone, with spiral float-boards of a 
3ar form, winding round its surface. This wheel 
on a pit or well of masonry, into which it fits 
losely, like a coffee-mill in its box. The water, con- 
y a spout or trunk, strikes the oblique float-boards, 
3n it has spent its impulsive force, it descends along 
al float-boards and continues to aid by its weight 
reaches the bottom, where it is carried off by a canaL 

considerable ingenuity in this contrivance ; for the 
ater being first appliea to the upper, or largest part 
3one, strikes the float-boards at the point where 
ve with the greatest speed, the radius there being 
, but as the water loses its velocity, in consequence 
notion it has imparted to the wheel, it descends in 
e and acts upon the floats lower down, where, the 
eing less, they move more slowly ; and the water is 
eficially employed until it quits the wheel, 
perhaps not necessary to describe the Danaide of 
;ot, nor the Conchoidal- wheel of Euler, as neither oi 
e in use, excepting so far as to notice that, in the 
hese, the water acts in a narrow annular channel, at 
imference of the machine, formed between a hollow 

and a solid internal drum, which is also shallower 
3 outer one, and that it is projected into this hollow 
jhannel by inclined spouts, or jets forming tangents 
rcle, so as to drive it round, after which it goes out 
^ntre, through passages suitably formed, so as to 
J the effect of the water as long as it remains in 
=^1 

signing the conchoidal wheel, the inventor seems 
bo have discovered, the reactionary effect of the 
water, which has since been made available in the 
that is to say, the unbalanced pxeaavHC^ o\i^Q!«^ ^^ 
068, impela fche wheel some^jTaat m *^e ^iKcaa 'hhv 
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that a sky-rocket is driven tlirough the air in its mad 
flight, by the force or recoil acting against the closed en4 of 
the rocket tube or case. It does not appear, howeveri tint 
this horizontal wheel was ever made practically usefuL 
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TURBINES, AND THE REACTION OF WATER PRESSURE OH 

WHEELS, ETC. 

Within the present century, a new mode of applying tho 
power of water to produce circular motion has oeen intapo 
duced, and of late years it has attracted much attention, and 
received many improvements : hitherto it has been but littk 
used in England; but in Germany, in France, and ia 
America, it has been very successfully employed. 

It is chiefly to German engineers and mathematiciBiu 
that we owe the investigation of the principles on which the 
turbine is constructed, and the best methods of reduoixig 
them to practice. The French, also, have been prompt to 
appreciate the value of the turbine : M. Arago luft given Ui 
testimony as to its merits, and other French writers of note 
have examined it in detail ; but we have no complete work ia 
the English language, except a translation from the German 
of Professor Moritz Euhlmann, edited by Sir Bobert KaDOv 
and rendered valuable to practical men by his observatioiii. 

In order that the subject of this chapter may be better 
elucidated, and traced from its flrst elements, it may bo 
proper to notice the philosophical toy which figurea in mtff 
works on hydrostatics and hydraulics, as Dr. Barker's mill 
but is by most persons passed over as a mere playthiii{t 
useless for practical purposes ; it involves, however, prindplBi 
of action which, when well and scientifically carried out, iBid 
to most important results. 

Dr. Barker's mill consists of an upright pipe or tube, irift 
a funnel-shaped open top, but closed at the lower end ; and 
from the lower end project two horizontal pipes or aiflM^ 
also closed at the outer ends, and placed opposite to etflh 
other, at right, angles with the vertical tube, so as to fitt 
a croae. Near to the end of eack \!LomQiBJw^ ^^^ «nd • 
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i of it, is a round hole, the two holes being opposite 

other. The upright pipe is mounted upon an axis or 

and is kept full of water flowing into the top. 

rater, issuing from the holes on the opposite sides of 

Lzontal arms, causes* the machine to revolve rapidly 

axis, with a velocity nearly equal to that of the 

water, and with a force proportionate to the hydro- 

pessure given by the vertical column, and to the area 

apertures ; for there is no solid surface at the hole 

ih the lateral pressure can be exerted, while it acts 

full force on the opposite side of the area. (See 

■) 

Fig. 16. 



/"^^ 




Fig. 17 
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This unbalanced pressure, according to Dr. Sobiaosi, il' 
equal to the weight of a column having the orifice for ite- 
base, and twice the depth under the suiriface of the waliear in 
the trunks for its height. ^ 

This measure of the height 'may seem odd, because if : 
the orifice were shut, the pressure on it is the weight of tf 
column reaching from the surface. But when it is open, the 
water issues with nearly the velocity acquired by M&oi 
from the surface, and the quantity of motion producet 
is that of a column of twice this length, moving with thii 
velocity. This is actually produced by the pressure of ilia 
fluid, and must, therefore, be accompanied by an equit 
reaction. 

When the machine, constructed exactly as before described, 
moves round, the water which issues descends on the veiticd 
trunk, and then, moving along the horizontal arms, partake! 
of the circular motion. 

This excites a centrifugal force, which is exerted againflt 
the ends of the arms by the intervention of the fluid. 

The whole fluid is subiected to this pressure, increasiiUF 
for every section across the arm, in the proport^ 
its distance from the axis ; and every particle is prested 
with the accumulated centrifugal forces of all the sectioiis 
that are nearer to the axis; every section, therefore^ 
sustains an equal pressure, proportional to the square of its 
distance from the axis. This increases the velocity of efflu, 
and this increases the velocity of revolution ; their mutual 
co-operation would seem to terminate in an infinite velodfy 
of both motions ; but on the other hand, this circular motion 
must be given even to every particle of water, as it enten 
the horizontal arm. This can only be done by the motua 
already in the arm, and at its expense. Thus there must be 
a velocity which cannot be over-passed, even by an unloaded 
machine. But it is also plain, that by making the horizontd 
arms very capacious, the motion of the water to the jet wsj 
be made very slow, and much of this diminution of circokf 
motion prevented. 

Dr. Desaguliers, Euler, John Bernoulli, and M. Mathondl 

la Cour, have treated of this machine ; and the latter author 

proposes to bring down a large pipe from an ele?ated 

reservoir, to bend the lower part of it upwards, and to 

introduce into it a short pipe mt\i tY70 acnaa'^Sw^Tiii. BwkflA 

mill reversed, and revolving on an \r^T\^>u ^^m^^ m^ 

same manner ; the joint between t\ie t^o ^\^^^ \icai% 
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~ Kntrived aa to admit of a free circular motion without 
Boch loH of water. By this arrangement, a fall or column 
rf water of any height, however great, may be rendered 
available. This arrangement was proposed in 1775. Some 
few jeais ago, Mr. Jamee Whitelaw, of Paisley, attempted 
fte unprovement of this machine, and took a patent for hia 
improTement, of which he publiBhed nn account in 184-'). 
miu would seem to consist chiefly of tb.e modifications recom- 
maided by Dr. Bobiaan and M.. Mathon de la Cour, and of 
tiie bending of the two horizontal arma into the form of the 

7ital letter S : the water being discharged from the enda 
the arms, in the direction of the circle traced by their 
WTolutioa, or in that of a tangent to it. The curvature is 
that of an Archimedean spiral, with the extremity of the arm 
or jet piece continued for a short distance in a circular 
curre, coincident with the circle described by the end of the 
arm. The utility of this continuation, however, aeems to be 
qneatioaable. 

The wood-cuts show the method of striking the spiral 
CDTvea to form the arm and a section of the n 




The capacity of the hollow arms is increased as they 
approach the centre of rotation, so aa to contain a quantity 
in water at every section of the arm inversely proportionate 
to ita velocity at that section, bo that little of the centrifugal 
ferce may be lost. The engravings show an elevation and 
plan of Mr, Whitelaw's machine, and the method he pro- 
posea for forming the arms. The curvature is that of 
BD Archimedean spiral, with the extremity of the e-Tm. <it \%*. 

C> eontinaed for a short diatance on. & civici\fe« <;kis^«. 
utility of thJB continuation, howevex, aeeoift wmw^Ve*. 
oubtM. 



54 



TURBINES, AND REACTION WHEELS. 



The sections of the arms are eveiywhere parallelo^ 
of equal depth, but of breadth mcreasing from the jc 
the extremity of the arm to the centre of ^e machine, 
fig. 20.) 

A model water-mill of the form shown in these fig 
working with a fall of 10 feet, the diameter of the < 
described by the arms being 15 inches, and the apertu 
each jet 2*4 inches in depth by -6 of an inch in widtl 
area of each orifice being 1*44 inches ; the ezpenditi 
water was 38 cubic feet, the velocity 887 revolutioni 
minute, and it gave an efiect equal to 73*6 per cent, c 
power employed. 

Mr. Whitelaw states that the machine is most eff< 
when the jets or ends of the arms revolve with a ve 
equal to that acquired by a heavy body fialling throng] 
height of the vertical column. 

The model used in this instance was well made ani 
experiments carefully conducted, but Mr. "Whitelaw i 
that he has obtained nearly equal results in actual pn 
on the large scale. 

It will be observed that in the emplovment of wa 
considerable altitude, a great force will be exerted a^ 
the moving part of the machine, tending to lift it up 
its seat ; it has therefore been proposed by M. Eedtenot 

rrofessor of Mechani 
Carlsruhe, to obviate 
inconvenience when 
falls are used, by niakii 
axis horizontal and 
upon it two machine 
troducing the water bei 
them by means of a 
formed like the letter ' 
that equal pressures s 
in opposite directions 
counteract and neui 
each other. 
The axis or spindle connecting the two machines 
passing through the transverse pipe, is kept in a st 
tension by the di verging forces. (See Fig. 21.) 

The author was indebted to Professor Wedding, of I 
for the first authentic information he received respectir 
turbine, as abo for a sketch and the dimensions of o 
theae macbinea, then recently erected under M. Wed( 



Fig. 21. 
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direction. The fall, or rather the head, of water acting 
upon it was 20 feet, the diameter of the wheel 3 feet 8 inches, 
the speed 115 revolutions per minute, and the power eqad |f 
to 42 horses, which drives eight pairs of ordinary millstona, 
with all the requisite dressing machinery. Professor Wedding 
afterwards sent the author from Berlin a treatise on thi 
subject which he had written in conjunction with M. Ca^ 
liczeck, wherein several other similsir machines are described, 
and the useful effect of the water is stated at from 68 to 80 
per cent. (See Fig. 22.) 

It will be seen that the great value of the turbine con^ 
sists in its being applicable to falls of water so high or W 
low that an ordinary water-wheel cannot be u^sed; and also 
that in falls of great height the velocity of the machine ifl w 
rapid, that when applied to drive spinning machinery, it 
needs no mill work, or but very little, to bring it to tbe 
requisite speed. 

The invention of the turbine, properly so called, belongs ^, 
to M. Foumeyron, and in its present form it generallT 
consists of a horizontal water-wheel, in the centre of which 
the water enters ; diverging from the centre in every direc- 
tion, it enters every bucket at once and escapes at the (i*- 
cumference or external periphery of the wheel. The water 
act? on the buckets of the revolving wheel with a pressure 
proportionate to the vertical column or height of the fal 
and it is led or directed into these buckets by stationaiy 
guide curves, placed upon and secured to a fixed platform, 
within the circle of the revolving part of the machine. The 
efflux of the water is regulated bv a hollow cylindrical sluice, 
to which a number of stops, actmg simultaneously between 
the guide curves, are fixed. 

With this short cylinder or hoop, they are all raised or 
lowered together by means of screws communicating with a 
regulator or governor, so that the opening of the sluice and 
stops may be increased or diminished in proportion as the 
velocity of the wheel may require to be accelerated or 
retarded. 

This cylindrical sluice alone might serve to regulate the 
efflux of the water, but the stops serve to steady and support 
the guide-curves and prevent tremor. 

Turbines may be considered as divided into two classes,— 

the low pressure and the high pressure. The engravings 

will better explain the construction of these machines and 

the arrangement of their parts than a longer verbal de- 

scnption. 
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ensure a constant supply, where the height of the oolumn of 
water may compensate for the smallness of its volume. 
In such situations it may be conveyed in pipes to the high- 
pressure turbine, which may often be applied with advan1au;e 
tor grinding com, working threshing machines, or fcr 
crushing ore, and other purposes. There are other situations 
in which a great volume of water rolls, with but little fill, 
and it has been shown that, with a head of only nine inches, 
the low-pressure turbine has done good service. 

The illustrations here given, as explanatory of the pro- 
gress and construction of the turbine, are an elevation and 
plan of Dr. Barker's mill ; an elevation and plan of Mr. 
Whitelaw's mill; and diagrams, showing the method of 
striking the spiral curves to form the arms ; with a sectdon, 
showing how the mill is connected with the supply-pipe; 
the loose collar is pressed upwards against the revolvmg 
part of the machine by three bow springs, fixed between the 
flanches ; the collar is prevented from revolving, by a steady 
pin ; and the parts in contact are ground together to oe 
water-tight. 

A sectional elevation of a low-pressure turbine, with fflw 
of the three screws for raising and lowering the circular 
sluice (with plan). The screws are connected, and act 
together, by means of toothed wheels. (See fig. 22.) 

Also a plan of the water-wheel, the guide curves, and a 
portion of the circular sluice. The curved buckets, which 
are made of thin plate-iron, are screwed against loose blockB 
or pieces of cast-iron ; and these are secured, by means of 
screw-bolts, within the rim of the water-wheel. 

The turbine of St. Blasier, shown in section. The body 
of the machine is of cast-iron ; the wheel is of hammered 
iron ; and the spindle, or axis, of steel. (See Eig. 23.) 
The letters refer to the same parts on plan. (See Fig. 24.) 

The foot of the spindle, and the pivot and step on which ifc 
revolves, are tempered to extreme hardness. The oil-pipe 
at the foot of the pivot is connected with a small force-pump, 
or syiinge, which, at regular intervals, injects a little oil 
into the step for lubrication. The pump is worked by a 
slow motion from the machinery. 

In all cases it is necessary that the foot of the spindle 

shall be made hollow, and run upon a fixed pivot. The 

spindle must never run in a hollow step. The pivot should 

be quite cylindrical, and it should truly fit the spindle, with 

aa little phj aa possible ; the top oi t\ie p\Not ibould be but 
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veiT sUghtly convex. The water and mud miut be canAiIlf 
excluded, and the parts regularly oiled. 

A quadrant or fourth part of the wheel, with the golt 
curves, and the eluice or regulator of the turbine 3 Bt 
Blaaier. Thia en^ving ia one-half of the natural or fill 
aue of the machme itself; the bent arrow ahewa Sit 
direction in which the wheel reroWea. 



There is also another difference in the constroction <^ 
turbines which should be noticed. Some have been nude 
which receive tbe-water at their circumference and diachaKe 
at their centre. Several of these have been erected in the 
United States, and have worked very well ; but the amount 
of duty done by a given quantity of water ia not so great 
as when it is admitted at the centre and eacapea at the d> 
cumference, where it can do so more freely. It is therefim 
unnecessary to go very minutely into the details of tliii 
machine, which is like Mr. A.ppo\i'B ceutii&.^ gamp, n 
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CHAPTEE VIII. 



UNDERSHOT WATER-WHEELS, THEIR USEFULNESS IN A SBW 
COUNTRY TO SAW TIMBER, ETC. 

The primitive form and use of vertical wheels for raising 
water for the irrigation of land in China and the East, his 
been already noticed. These, simply dipping their flosts 
into a river, were turned by the current with such velocity 
and force as the stream might impart to them. 

Yet, before quitting this part of the subject, it may be 
proper to mention two modes of applying these wheel* 
which have been practised in America. 

One of them was to place a strong axle across a boat, or 
some other vessel, of large dimensions, with a water-whed 
at each end of this axle, fike the paddle-wheels of a steam- 
boat ; and this vessel being moored in a current, the wheels 
revolved, and gave motion to mill-stones, and machinery for 
grinding and dressing flour, on board the floating milL 
The other was by means of a similar axle and a pair qf 
wheels, thus mounted in a boat, to cause the boat so fitted 
to warp itself and to tow other boats up a rapid, by winding 
one end of a rope round the axle, the other end being made 
fast to an anchor, or other mooring, above the rapid. This 
means of ascending rapids in the American rivers has been 
generally superseded by the employment of powerfiil steam- 
boats \but it is worthy of being recorded as an insfenioos 
contrivahce to derive from the resisting medium itself a 
power to overcome it, by duly proportioning the diameters 
of the wheels and axles. '^ 

The next improvement was an important one ; and it 
rendered the vertical water-wheel a powerful mechanical 
agent. 

By penning back the stream with a dam or barrier, 
thrown across its channel, so as to accumulate and raise the 
water to a head ; and by cutting a canal, or water-course, 
in the bank, communicating with the reservoir so formed, 
and re-entenng the river by its side at a lower level ; by 
erecting the wheel in this water-course, aii^\i^ \iAifcT^Qm!^ 
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sluice between the wheel and the pent-up water, so as to 
bop or regulate its efflux, the whole power of the water, 
eretofore spread over the bed of the river, might be con- 
entrated against the wheel, rushing through the opening of 
he sluice, with a velocity and impulse due to its head and 
olume, and acting upon the float-boards with an amount of 
orce and effect which could not be obtained in the open 
iver ; the water being now confined between walls of solid 
tiasonrj almost in contact with the wheel, and within which 
b revolved. 

These walls also served to support the axis of the wheel, 
nd to retain the sluice ; while a pavement of heavy stones 
»elow, between the walls, prevented the water from escaping 
•eneath the wheel until it had done its duty. 

When the sluice was shut down and the wheel stood still, 
util the dam was filled to overflowing, the water passed 
ver the barriers or weir, and rolled on, as before, through 
jS old channel in the river, or was discharged into it through 

waste- water sluice, sometimes made self-acting by means 
f a balanced float, or some similar contrivance ; and, on 
dapting such apparatus, great ingenuity has often been 
isplayed, especi^y in the Shaw's Water- works, already 
lentioned, as well as by some of the French engineers. 

Arrangements like these, so simple, so effective, and so 
igily made and managed, rendered the Undeeshot- wheel 
lost useful and valuable as a means of obtaining mechanical 
ower sufficient to drive extensive flour-mills, fulling-mills, 
id forges, for which purposes it was, in the first instance, 
liiefly used, to aid an agricultural population in more 
3adily supplying themselves with bread, woollen cloth, and 
"on — the principal requirements of a primitive community, 
ith whom spinning and weaving were as yet domestic 
oaployments. 

The sluice, which regulated or closed the opening through 
hich the water issued against the wheel, was placed as low 
8 possible, aUowing only sufficient fall or space for the 
Bcape freely after it had passed the wheel, so that it might 
ot, as a millwright would say, " be working in backwater.'* 
he opening, or the sluice, corresponded in size, or nearly 
), with the width of the float boards of the wheel, and 
le head of water above it caused the stream, or rather the 
>t, to strike the float-boards with a proportionate momentum, 
le wheel receiving, as it were, a succession of impulses as 
le float-boardfli continually entered the water. 
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then by assisting it by means of counter-weights or 
cord wound round the axle, until the velocity of the 
wheel is identical with that of the water and the counte^ 
weight, equal to friction and resistance of the air; for, 
if it were too little, the water would accelerate the whed 
beyond the weight ; and if too great, retard it ; so that 
the water becomes a regulator of the wheel's motion^ and 
the velocity of its circumference becomes a measure of 
the velocity of the water. The velocity thus determined, 
the virtual or effective head may be determined by the law 
of gravitation ; and although, as Mr. Smeaton observed, the 
virtual head bears no certain or definite proportion to the 
actual head — as indeed has been shown in a foregoing part 
of this book — ^yet, when the aperture is greater, or the 
velocity of the water issuing therefrom is less, they approadi 
nearer to a coincidence ; and consequently, in large openings 
of mills and sluices, where great quantities of water are dis- 
charged from moderate heads, the actual head of water 
and the vertical head, determined from the velocity, will 
the more nearly agree, as experience confirms. 

From the numerous experiments he had made on the 
undershot- wheel, Mr. Smeaton deduced the following ruIeB, 
or, as he calls them, maxims : — 

" 1. That the virtual, or effective head, being the same, 
the effect will be nearly as the quantity of water expended. 

" 2. That the expense of water being the same, the efBact 
will be nearly as the height of the virtual or effective 
head. 

" 3. That the quantity of water expended being the 
same, the effect is nearly as the square of its velocity. 

" 4. The aperture being the same, the effect vnll be 
nearly as the cube of the velocity of the water." 

Upon comparing the several proportions between power 
and effect, remarked during the course of his experiments, 
Mr. Smeaton obser\^es, the most general is that of 10 to 8, 
the extremes 10 to 3*2 and 10 to 2*8 ; but as it appears, 
that where the quantity of water, or the velocity thereof, 
that is, where the power is greatest, the second term of the 
ratio is greatest also, we may therefore well allow the 
proportion subsisting in large works as 3 to 1. 

He also observes, that the proportions of velocity between 

the water and the wheel are contained in the Kmits of 8 to 1 

and 2 to 1 ; but as the greater velocities approach the limit 

B to 1, and the greater quantities o£ -^^^t to that of 
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2 to 1, the best general proportion will be that of 5 to 2* 
He endeaYoured to ascertain what is the ratio between the 
load such a wheel would carry at the maximum of effect, and 
what will totally stop it, and found that it would work 
steadily until that proportion was as 4 to 3 ; but when this 
limit was exceeded, the whole worked irregularly, and was 
liable to be stopped. 

The principal aim, however, of a good millwright, is to 
make the wheel work to the greatest advantage ; and the 
last-mentioned experiments were therefore more curious 
than useful ; yet they are highly interesting, as they make 
the investigation complete, and anticipate a question which 
might very naturally be asked. 

Mr. Smeaton mentions, that in Ins working model of an 
undershot water-wheel, the maximum load was equal to 
91b. 6oz., and that the wheel ceased moving with 121b. in 
the scale ; to which, if the weight of the scale is added, 
nearly lOoz., the proportion will be nearly as 3 to 4, 
between the load at the maximum and that by which the 
wheel is stopped : and he says, — 

" It is somewhat remarkable, that though the velocity of 
the wheel, in relation to the water, turns out greater than 
one-third of the velocity of the water, yet the impulse of 
the water, in the case of a' maximum, is more than double of 
what is assigned by theory ; that is, instead of four-ninths 
of the column, it is nearly equal to the whole column." 

It must be remembered, that in the present case the 
wheel is not placed in an open river, where the natural 
current, after it has communicated its impulse to the float, 
has room on all sides to escape ; but in a conduit or race, 
to which the float-board being adapted, the water cannot 
otherwise escape than by moving along with the wheel ; and 
when a wheel works in this manner, as soon as the water 
strikes the float it receives a sudden check, and rises up 
against the float, like a wave against a flxed object ; so that 
in the working model, when the sheet of water was not a 
quarter of an inch thick before it met the float, yet this 
sneet acted against the whole surface of a float three inches 
high ; and, consequently, if the float were no higher than 
the thickness of the sheet of water, a great part of the 
force would be lost by the water dashing over the float. 

Although in this country the value of water power, and 
the necessity to make the most of it, has gradu^Y ^'^^^'S^^ 
the undershot wheel to be abandoned, audi \k<&\)x^^&\»^V^i^ 
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) take its place, whereon tlie gravity or weiglit of ibH 
ater acts instead of its impulBe ; ret tliere are man 
itrpoees to which the imderehot wheel may be applied wia 



advantege> and to none more than the sawing of timber. 
espeeiaUy in new settlementB, and in those localities when 
water power is abundant and mechanical skill is scarce 
wiere laboar is eipensiye and timber ««ta ticWsiai^. \i 
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mch. ciFCumstances, a simple and efficient saw-mill is of great 
idvantage, and it may be worked at once ^m the aue of 
die undershot water-wheel, working two saw frames, by 
ueans of cranked arms upon the ends of it ; or, if the axle 
36 made of iron, a crank may be formed in it to work a 
nngle saw frame, as shown in the annexed woodcut, 
reduced jfrom an engraying in the Professional Papers of the 
Royal Engineers, vol. vi., in which will also be found a 
Doinute description, elaborately illustrated, of the saw mills 
ttd macWnerv for raismg timber in Chatham dockyard, 
arected by the late Sir Mark Isambard Brunei. (See fig. 26.) 

In this engraving a is the dam, frequently formed of 
square logs, resting against a standard secured by struts, 
provision being made to carry off the surplus water, b is 
3he sluice, which, being raised to work the wheel, admits 
bhe water into the trough c ; here it strikes the float-boards 
>f the wheel d, which is generally made of small diameter, 
»o that the velocity of the water may cause it to make as 
oiany revolutions as possible, consistent with the requisite 
power ; the saws making as many strokes as the wheel makes 
devolutions, e, the crank on the wheel shaft, to which is 
idapted the connecting rod r, which is attached to the 
i)ottom of the saw-frame o. This slides up and down 
between the standards with an alternating motion, the 
itrokes being double the length of the crank arm. k is the 
og to be cut ; it is mounted on the frame l, which has a 
•ack fixed in its under surface, and is supported by the 
:t)llers a a. 

The pinion h on the axis of the wheel M works in the 
^ack, and according as the wheel moves forward or backward, 
:t works the frame, moving it towards or away from the 
saws. Motion is given to this wheel by the- pall c, the 
3ther end of wmch is jointed to one of the sides 
of the arm of the bent lever d. This lever is moved 
backward and forward by the rod e which is jointed to the 
bent rod f, and this rod, or rather lever, is fitted upon 
sii axle attached at one end to the frame of the wooden 
building and at the other to the frame of the saw-milL 
Vhen it is requisite to reverse the motion, after the log is 
oat, the paU e is lifted clear of teeth of the ratchet-wheel 
IC; and this wheel is turned in an opposite direction by 
liaiid. 

A saw-mill on this principle was made \i^ ^iJci<b \^ 
Ifp. 'Rennie, of which he has given ttie io\\Qr^rca% \yc\fci 
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description : it appears to have been driven by the water of 
Leith. The diameter of the wheel was 4 feet 6 inches, and 
its width 3 feet 2 inches. The floats were 12 inches deep, 
and were inclined in direction 4 inches past the centre. 

The cranks had 11 inches radius ; there was one on eacb 
end of the water-wheel axle ; consequently the swaw-frames 
driven by them had 22 inches stroke. The one &ame had 
five saws and the other frame two saws ; they made IS'O 
strokes to cut one inch forward. 

The fall of water was 3 feet 7 inches, and it was conducted 
in a sloping direction, in such a manner as to be nearly a 
tangent to it ; the perpendicular height of all being 3 feet 
7 inches, and the horizontal distance 8 feet. 

The sluice was 3 feet 2 inches wide, and was raised to the 
surface of the water, namely 18 inches, at the head of the 
slope where it was placed. The sluice being raised to 
the water's surface, the wheel made fifty-eight turns per 
minute, working the seven saws. The timber cut was 
Norway fir ; in the frame with five saws it was 8^^ inchea 
deep, and in the frame with two saws it was 6 inches deep, 
so ttiat in one minute it cut 4*26 inches forward. It ia to 
be observed, however, that in such small wheels there is a 
considerable loss of effect, when compared with wheels of 
larger diameter; and accordingly Mr. Eennie states the 
performance of another saw-mill, at Dartford, which, with 
the dimensions, he tabulates as follows : — 

DABTFOED SAW MILL. 

1. Water-wheel 16 feet diameter. 

2. Breadth 4 feet 6 inches, depth 1 foot 3 inches. 

3. Fall 2 feet 3 inches, head 2 feet 9 inches. 

4. Spur-wheel, or inner end of shaft, 64 cogs. 

5. Pinion on crank 18 cogs ; thus the crank made 8'55 
turns for one turn of the water-wheel. 

6. Throw of crank 10 inches. 

7. Slabbing-saw made 34 strokes for 4 inches advance rf 
timber. 

8. Deal-saw made 19 strokes to 1 inch advance. 

9. Frame of saws 4 feet wide inside ; saws 5 feet 3 inches 
long. 

10. Ratchet-wheel 6 feet diameter. 

11. Teeth of saws f of an inch asunder. 
12. Space taken out by saw ^ oi axi inch. 
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m every part of tbe work will be increased in proportion. 
. Smeaton's experiments showed that the best effect was 
ained when the velocity of the wheel's circumference was 
ittle more than threo feet, or a second ; and hence, it 



Fig. 28. 




5ame a general rule to make the speed of the overshot 
ter wheels at their circumference 3 J feet per second, or 
feet per minute. 
ESxperience showed this velocity to \)© «ii^^<(!si^ci^<^ \«i '^^^ 
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Fig. IS. 



IHX OOUBLB HATCH, 



Ifiil head abore tibe oriGce to produce a jet flowing with 
desired speed ; and the under hatch being raiiied or 
Bied by racks and pinions, the thickness of the stream 
verei upon the wheel, was diminiehed or increased at 
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yjeA in the actual grinding of the com. This gives a 
•rtion of '714 to 1, or somewhat over 71 per cent, of 
L effect. 

'. Eenwick, who was of an ancient fEunilj in Northnmber- 
was by profession a " colliery viewer ; " he had a 
reputation for mechanical and engineering skill, and 
Lving in the schooldays of the author ; he wrote several 
) on practical mechanics and mining, which were at 
time esteemed as good authority and went through 
d editions. 

does not state what kind of null-stones were employed, 
robably they were the ** Dutch blue stones " then in 
, kind of lava rock, wrought chiefly in the German 
ies near Andemach and Coblentz, brought down the 
3 and shipped to this country from floUand. They had 
seded the miU-stone grit or "grey stones" as they 
lave since been displaced by the " French burr stones, 
!;eneraUy employed in grinding wheat. The blue stones 
it little used, and the grey stones are seldom seen. 



Fig. 40. 



Fig. 41. 






e fixed cross or rynd. 



The bridge rynd. 



fc in the north for grinding oatmeal, lye, or barley- 
These blue stones were each ia oii"B^\fe^ife,«5A^«5fc 
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MODES OF DRIVING MILLSTONES. 



)pear as a funnel of slieet-iron, with whicli the old miller 
id no sympathy. 

The iron apparatus for adjustmg and securing the mBr 
ones, involved an iron frame and columns to carry it^ 
Lstead of wood, and hence many mills of recent date hftve 
3en huilt fire-proof. For such cases stone foundations and 
joring have become requisite, and the mill-spindles, instead 
^ being stepped upon the middle of the footbridge, a leva 
' wood fixed on a joint at one end, and regulated at the 
;her, between the timber uprights carrying the millstone 
3or, has been brought down to a cast-iron pedestal restuu; 
1 the masonry, and containing within it a compact oomh- 
ation of wheels or levers and screws, by which the spaoQ 
3tween the mUlstoues may be altered at pleasure. 

It has been proposed to use annular millstones, lif 
jmoving the central part, where little work is done^ anil 
^placing it with a plate of iron leaving the skirt, or as it 
ere a ring of stone ; no practical examples of this kind 
ive come under the author's observation, except so &r a| 
ae of the conical corn-mills partakes of this character, but 
lis must be described separately. 

There are three modes of driving millstones at present 
I use. 

The first was suggested by the use of the undenbot 
ater-wheel, which, revolving rapidly, required but one 
icrease of speed, and one change of motion from the hori- 
mtal shaft to the vertical spindle, and consequently oolj 
ae pair of wheels, namely, the face- wheel or pit-wheel OQ 
le water-wheel axis, and the lantern-wheel or trundle on 
le mill-spindle; all the machinery being made of wo(i| 
scept the pivots of the axle and the miU-spindle. 

This simple, but efficient arrangement, may still be naefiil 
1 remote settlements, where neither capital nor labour aie 
bundant. It was the usual plan of a mill during the 
reater part of the last century, and the works of moife ^ 
Titers on mechanics and mill-work of the time oontani 
ibles showrag the number of cogs in the wheel, and stttfei 
r rounds in the trundle, to drive a 6-foot miUstone abdj 
3volutions per minute. The cogs and rounds of wood hm 
iven place to bevelled wheels of cast-iron, but the principie 
^maina the same. By this means any number of inillstanflB 
^ be placed in a straight line, or in \i^o ^^^'^'^vscd^rii^ 
h other, each millstone Tcc\vx\im^ a ^bas ^5t >Mn^K^ 
ela, one of the wheels ^the\aTgea^i^\xa-N\xi^^-Qo^Rss\.\«S^ 
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just entering into business, who assisted in planning than, 
and under wbcXe direction they were executed. 

" The engines and mill-work were contained in a ooni- 
modious and elegant building, designed and executed xmix 
the direction of tlie late Mr. Samuel Wyatt, architect." 

Such was the fate of the first great steam-mill erected in 
London little more than sixty years ago, in which the taleidi 
of "Watt and Eennie were combined. The year 1852 liM 
witnessed the completion of an undertaking — " The City 
Flour Mills," — which may be termed a flour manufactoiy 
rather than a mill, built near Blackfiriars Bridge, and withiii 
sight of the spot where the " Albion Mills " were erected— 
an enterprise which, if successful, as it promises to be, ^ 
effect great changes in this branch of industry. 

The present cotton mills in Manchester are scarcely more 
unlike the old system of hand-spinning, than is this building 
as compared with the picturesque water-miUs we were 
accustomed to see in our young days. It has two engines 
working together on one shaft ; they are large " fiteash 
packet ' engines, each of 125 horses' power, or, together, 
250. There will be 60 pairs of millstones, all of them 
4 feet in diameter, and making about 128 revolutions per 
minute ; the upper millstones have hollow backs, and abiBBt 
is sent into them; thence it passes through the eye and 
through holes in the top stone; the air quickens the 
grinding, and makes the stones wor]£ cool. The millstones 
are placed in two rows, one against each side wall, on one 
floor. The flour is received in covered metal troughs, in 
which endless screws work the meal along into boxes, to l)e 
carried away by the Jacob's ladders or elevators. 

The dressing-machines are hexagonal, and are covered 
with silk ; they are 3 ft. 4 in. in diameter across the angles, 
and 34 ft. long, and have a slight inclination, about 20 inches 
in their whole length, and are driven at about 28 or 80 
revolutions in a minute. The shafts of these machines are 
hollow, and have also holes through them ; but the lowtf 
half of the shaft is closed ; a blast is driven into the upper 
end of the hollow shaft, and blows through the holes into 
the inside of the dressing-mill, for about half its length, and ^ 
through the silk, so that it cools the flour, cleans the silkf 
and quickens the action of dressing. 

There are some wire machines for brushing the bran, hut 
aU the flour is dressed through silk, the chief object being ^ 
to make Sue flour. There aie, \)esvda^ eonn-cleanserfl, also i 
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, blast, somewhat like ttioae already deBcribed, and 
ickleB, worked hj belts, many of whicli are double- 
, at eyerr point where they can be made useful, so 
lannal labour may be economised at every stage of 
>rk by the intervention of mechanical power. 
the millstones and most of the machines are driven by 
which lessen the noise considerably, and much in- 
y is displayed in their application to prevent lateral 
on the necks of the mill spindles and to obviate the 
(bjections to belts before mentioned : the spindles are 
uid have no foot-bridges, each being stepped on a 



I waste aJr trunk cairyuig up the dust or stive. 

I meal spout. 

ar or ring of leather to confine the air brought in by a fiiizible 

pipe. 
ked eod of the lever to regulate the supply of corn to the 

millBtouea. The utovb show the course of the ur. 

pillar, containing a regulating screw, and the npper 
are hung, like a mariner's compass, on gymbal rmgs, 
tefully balanced: so that altogether \t mw'o%«MA. 
»./ft«w./&?^(wy rather than a corn-mffl.-, ani^iiat&K* 
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that notliing may be wasted, exhaosting-fims are apj 
tiie millstone cases, producing a slight draft of air su 
to collect and deposit in a prop^ chamber, the d 
^ «<f00," as millers call it ; but not strong enough t 
up the meaL This also keeps the mill cleaner, a 
stive, which is finer than flour, can be made useful 
author is much indebted to Messrs. Swayne & Bovi 
have designed and erected the machinery of this n 
their read^ess in affording him information and ac 
all times to this magnificent establishment. 

Mr. BoviU proposes to apply blowing and exhaustii 
to ordinary miUstones already in use, without makiuj 
through them, by sending the current of air throu 
millstone eye to be discharged at the circumference, 
collect the dust or " stive " fix)m the millstone cases 
exhausting-fan, and prevent its flying about th( 
carrying it up through an air-trunk, and discharj 
into a chamber of lattice-work lined with bunting o 
similar thin woollen cloth, permitting the air to esca] 
retaining the dust. The annexed woodcut shows tl 
posed arrangements. (See fig. 47.) 
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THE CONICAL MILLS. 

Of the conical corn-mills exhibited in the Crystal ' 
there were two which more particularly claimed att 
One of these was a cone, or rather a conoid of st 
pecidiar form, base upwards, which fitted, or nearly 8 
a block of stone hollowed out to receive it, and in w 
revolved, like the ancient " quem^^ or like the old mill 
at Pompeii reversed ; for in that antique mill, the c 
conoid stood fixed upon its base and the stone 
revolved, but in this modem adaptation, the case ii 
and the conoid turns. 

The form given to this millstone was also recomn 

bf the exhibitor as applicable to the pivots or st 

upright abafta, screw propeMeTS, tvxiVimei^^ «sA oKk^st 

nism where the revolvmg a\xr£afifcTau«XiT««\a^^«t^c\siS! 

or end thruat. 
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The inventor propoaed to exhaust the air &om below the 
illstonea bj meiuiB of a ventilator or fan, and thus to draw 
wn a current between the' atones to keep them cool, 
lere woa much ingenuity displayed in various contriranceB 
oat this mill imd its adjuncts; the trouble and incon- 



Mods of striking the curve 



Jionee oeeaaioned by the cutting tui&^^eB.>ivn% ^ &\«^ «iA 
7ta aubject to end pressure, CTCii \ii ao. ocSoiKrj ^s^^^'^-' 
weU known, and should the mffl. S.t«e^ -nsA. ■?t«'«' '*^ 
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successful in practice for grinding corn as the inyentv) 
expects, it may answer weU in grinding pointers' colom 
the form of step he recommends may in many cases be 
to lessen the friction of machinery. Mr. C. Schiele of 01 
near Mancliester, is the proprietor of this miU, and thei 
he has adopted is one discovered by Huygens, in his inve^' 
tigation of the cycloid. It is one of those singular sui^ 
beautiful curves called " tractories," and in this case it il 
produced by drawing the centre point of a radius bar along 
a straight fine, which is the axis of the curve. The radim 
bar carries a pen, the nib of which is in the line of tk 
radius. At the commencement of the curve, the radius k '= 
at right angles with the axis, but the radius bar, turning fiee^ '• 
upon the centre point, as it is drawn along the straight line ^ 
or axis, the angle it makes with this line varies continually, 
becoming more and more acute like the tangent of a catenaiT 
or a parabola. Dr. Peacock has shown that the mechanical 
tractory of a straight line, upon a perfectly smooth plane, ii 
an inverted semi-cycloid ; but, in this case, the retardation 
produced by the pen and paper causes the curve to be 
mfinite, and from its peculiar properties it has been termed y 
" the equitangential tractory." (See fig. 48.) 

The conoid is formed by this curve revolving on its axii. - 
The other conical flour-mill, which deservedly attracted ' 
much notice in the Exhibition, was the invention of * 
Mr. W. "Westrup, a practical London miller. It differed = 
entirely from any other flour-miU hitherto used, and the : 
author availed himself of all the opportunities the display in 
the Crystal Palace permitted to examine its mechanism and 
arrangements ; he has since seen it at work, and also in 
pieces, the proprietors liberally affording every facility ftr 
the inspection of all the parts in detail. Each miU, so to 
speak, has two pairs of millstones combined, working 
together, the one pair placed above the other, so that thi 
upper pair commences the grinding process, and the lower 
pair completing it ; there is a space between the two pairs of 
millstones about 27 or 30 inches in height, and the greater 
portion of this height or space is used as a vertical dresBiDg' 
mill, the spindle >vhich drives the stones being fitted witt 
brushes, and the space inclosed with a cylindrical screen of 
fine wire-cloth mounted on a frame in the usual way. The 
upper millstones are fixed, and the lower stones revolve^ 
ana both the upper and lower stones are placed upon one 
apmdle. The upper stones axe ea^^i xe^a.^*^ m \:nrq ^v^ ^ 
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tnicircles bolted together, for convenience of fixing and 
splacing when needful, and they are capable of adjustment 

means of fixed wedges or inclined planes, on which they 
9t, BO that by the action of a screw and wheel a partial 
xizontal turn or twist of either of the upper stones, causes 
to slide up or down on these bent wedges or inclined 
uies which are placed round the circumference of the 
yne. It is thus raised or lowered, and the grinding space 
justed with great facility. The lower millstones, which 
volve, are convex, and the upper stones concave and 
inular ; for the stones being of small diameter the eye of 
e stone is large in proportion. The diameter is about 
feet 6 inches, and the grinding surface on each side of this 
ag of stone 8 or 9 inches broad ; the rise or bevel of the 
ne in that width is about 4 inches. The stones being 
lall, necessarily revolve rapidly, say about 250 revolutions 
jr minute, and the spindle being hoUow from the top, a 
pe is fitted into it by a swivel-joint, and a blast of air 
iven by a fan is carried down the spindle, which is closed 

the lower end, and distributed through holes in the 
inning stones into the grinding space, so that the meal is 
imediately blown out, and the grinding surfaces kept clear. 
tie finest flour is brushed through the wire- work of the 
irtical cylinder, and received in a casing of wood. The 
rgatparticles and portions of the corn imperfectly ground, 
tss^nto the lower pair of stones, and are reduced into 
eal ready for dressing in the ordinary way. 
As by this arrangement of parts the corn cannot be 
jlivered into the centre of the upper millstones, a hopper 
■ chamber is placed on one side, with a sliding tube or feed- 
pe in the top of it, and an upright spindle carrying a dish, 
hich revolving quickly, evenly distributes the com. This 
ascription will probably enable the reader to understand 
le annexed engraving, which is copied from a section 
)tained from the inventor. (See fig. 49.) 
The manner in which this mill does its work is very 
^Hsbctory, The com is so short a time in passing through 
, that the bran is delivered in large flakes, many of them 
aarly the entire skin of the wheat, and the grinding being so 
ncldy done the meal comes away comparativdy cold. The 
06 flour driven through the intermediate dressing-case is 
16 heart or kernel of the wheat, and is suited for pastry or 
mfectionary. 
There ia a vertical dressiag-miU. &epaTa\A fcoci ^'b tsSSv- 
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Meferences to Mr. Westrup's Corneal MiU. (See Woodcut.) 

A, Feeding-pipe to supply com to the nullstones. 

B, Apparatus to regulate the supply. 

0, Regulating lever to adjust the same. 
D, Chamber over the eye of the mUlstone to receive the wheat 

from the regulator. 
Top stone in the upper pair of millstones which in this mill is 

stationary. 
Nether stone of the upper pair which in this mill revolves. 
[g, Top stone (stationary) of the lower pair. 
Nether stone (runner) of the lower pair. 

1, Hollow spindle on which the runners or revolving millstones 
are hung. 

K, Bevelled wheels and driving-shaft. 

hf Iron £tamework sustaining the whole machine. 

M, Upright wire cylinder acting as a partial dressing machine. 

N, Revolving brushes acting against the wire. 

M, o. Wooden case enclosing millstones and wire cylinder^ to the 

bottom of which the spout for the meal is fixed. 
Py Pipe to convey cold air to the faces of the millstones by means 

of the hollow spindle. 
q, Regulator for adjusting the upper pair of millstones. 
By Regulator for adjusting the lower pair. 

bones, in which the flour is finished for the market, and 
here has been much ingenuity exercised in contrivances to 
bviate the inconveniences incident in general to the per- 
pendicular cylinder. The axis carries a series of shelves or 
Bibles, which in succession receive the meal and scatter it by 
heir ce^bifugal action ; but it is questionable whether any 
eal advantages are obtained by carrying the inclination of 
he dressing-mill beyond the angle of 45 degrees, for at 
hat angle, with a high speed for the brushes, the meal must 
lescribe a spiral track of several revolutions in traversing 
he length of the cylinder, and the adaptation of hoppers, 
^th moveable partitions before described, is of great 
^Tactical convenience. 

The inventor of this conical mill has induced several 
^ntlemen to join him in order to carry out his plans to a 
rreater extent than he could hope to do individually, and to 
orm themselves into a joint-stock company. They entertain, 
H many respects, similar ideas on the manufacture of flous 
fith the propnetoTB of the large steani-miiS^a «\seai^ Tij^^^ifeV 
ameljr, that £our, like cloth, is a m!axi\ifekfc\.\xi^^ «s?^<2^^ ^'^^ 
neral consumpidon, and that "by iriaDLXJ&JC^KJM^^ ^^ *^' 
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large scale, with machinery to do the work, and mc 
direct its operations, rather than to labour in the mill, 
shall be able to supply the flour to the consumer at a ] 
price with a fair profit for themselves ; they also thini 
the inventions of Mr. "Westrup wiH better enable the 
realise their views, and it is but right to say, that s€ 
persons have embarked in this undertaking — " The Cc 
Flour-mill Company " — who are known as men of exper 
and skiU in this branch of industry. 

These gentlemen say — " It is scarcely necessary to 6b 
that the vast resources of England during the last fifty 
have depended on her improved machinery. It has ii 
been said with equal truth, that her independence 
nation rests upon her being twenty years in advance o 
neighbours. And never was it more necessary to mai 
such pre-eminence than at this time of great stri 
when the importation of wheat and flour has been mad 
to all nations, before the agricultural and milling inte 
and the large capital invested in them, have been pre 
to meet the competition of the world. Thus it is 
improvements in these important departments of B 
industry are now more especially occupying the 8( 
attention of some of the first minds in the kingdom— 
the prince to the peasant — as a necessary requiremei 
their profitable continuance." 

The author hopes that the circulation of this little v( 
may stimulate inquiry and research among the practica 
operative men into whose hands it may fall ; and thj 
facts and circumstances which have rather been indi 
than described, may form as it were the text, which in 
able and experienced hands may be amplified and illust 
The work has been hastily written at interv^als, whe 
author could spare a short time to add a few pages 
note down a few observations as they might occur, wi 
much opportunity of arranging them afterwards. 

This will be apparent to all who may read this 
and it will also be noticed, that the words of the ai 
quoted throughout the volume, are generally give 
they were found, in the phrase of their own styL 
time, so that the lesson may be learned as they t 
it. It has been exceedingly gratifying to the ai 
and he has much pleasure in acknowledging it, 
whenever he has had occasion to verify a fact, to c< 
a statement, or to ask infoTma^oTi, leva l^va^ in 
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CENTRIFUGAL AND ROTARY PUMPS. 

In the preceding pages the reader will have observed that several 
machines derive their power from the reaction of water-pressure : 
such as Dr. Barker's mill, Whitelaw's mill, the Vortex-wheel, 
and others. If these machines be impelled by some other power, 
and caused to revolve by an equal external force, say that of a 
steam-engine, they may be made to act as pumps ; and as they 
had before been put in motion by the pressure of a column w 
water descending and passing through them, they would, by 
inverse action, raise a corresponding column of water to the like 
height. 

Let the most simple of these machines, Dr. Barker^s mill (% 
16), be turned upside-down, — let the funnel mouth at the U% 
there shown as receiving the water, be immersed in a well,i^ 
the machine caused to revolve rapidly on its axis ; the swift- 
rotary motion will cause a partial vacuum in the arms, and tl»: 
water will rise in the central pipe and fill them \mtil it is throwft 
out at the holes near the ends, where the centrifugal force will 
cause continuous streams to be discharged so long as the requiste 
velocity is maintained. 

The straight form of the arms, however, causes a considenbk 
loss of effect : the course the water should take is that of ^ 
curve compounded of its radial direction, and of the rotaifi 
motion of the machine, for any radial velocity in the water, A 
the point of discharge, is power uselessly expended. Anow i 
centrifugal machine, having the same diameter, section, aw 
apertures, but having the arms bent to the proper curvaton^^ 
will discharge more than double the quantity of water in tin/ 
same time with the same power — (see figs. 18 and 20). This 
proved by direct experiments made by Mr. Hensman, at 
request of the jury, during the Great Exhibition. 

Thus Mr. Whitelaw's mill will be found to make a very ei 

machine for raising water, by reversing its action ; and heOiM 

was that the jury found Mr. Appold's wheel, formed with 

similarly cui'ved, produced so much, gtea^x t^s^jiX.'a \)[iid£L^\!L<Mli < 

"-be same dimensions witla. straigtit ^anea. lAi. K^^^^^ 

na only 12 inches in diameter •, it xeceW^^ tV^ ^^\«t Qa.«i 
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gh apertures of 6 inches diameter, and had a central 
aphragm perpendicular to the axis, intersecting the 
ling, as it were, a double wheel revolving between two 
t projected from opposite sides of the reservoir, 
bex-wheel (fig. 25), perhaps, may serve to explain the 
►peration of Mr. jAppold's pump, by supposing the axis 
ontal, and the water to enter at the sides and be dis- 
irough the large round pipe. When this wheel was 
st two others of the same size, the one with straight 
nes, inclined at an angle of 45 degrees, and the other 
I arms, the following results were obtained : — 





Rerolotfons 


Gallons raised 




Useftil 




per minute. 


per minute. 


Height raised. 


effect. 


Id's wheel . 


792 


1164 


18 ft. 8 in. 


•649 


» 


788 


1236 


19 „ 4 


•680 


ranes . . 


694 


660 


18 „ 


•394 


)t 


690 


736 


18 „ 


•434 


Qes . . . 


624 


369 


18 „ 


•232 


„ ... 


720 


474 


18 „ 


•243 



eriments were made under the direction of Colonel 
d the amoimt of motive power employed was as- 
Dy the dynamometer, constructed by M. Morin, on a 
roposed by General Poncelet. 

hor was present during some of these trials, and was 
I witness the care and skill with which they were con- 

tting the water at both sides, the atmospheric pressure 
jed and balanced ; this is not the case in Whitelaw's 
nt, although a similar method has been used in other 
is in the " Fan-Blast," for blowing furnaces and forges, 
'^hich of large size have been constructed by the author, 
les, similar to the rotary-fan, have also been applied to 

• 

a long practice in the drainage of extensive tracts of 
fiarsh lands, by steam-potrer, where natural drainage 
cticable, the author employed Scoop-Wheds to throw 
er. These were like the Breast-wheel reversed, and the 
y imagine their action by referring to fig. 29, and 
the wheel to lift the water, instead of being turned by 
heels like this, 28 feet in diameter, driven by steam- 
ire constructed by the author, at the Butterley Iron- 
e years ago, for the drainage of Deeping Fen, near 
ontaining about 25,000 acres, then often covered with 
now growing com. One oi Vke^^ \a iovssA^oSssssssci^.^ 
?ry rainy seasons, to keep t\ie YexL c\<fc^^ ol^-aSwet. ^S^ 
•7 an engine of 80 lioTse-po^et, ^w\ >iX^& ^'^'s^s^-.^'c 
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ladle4)oard8y travel at a mean rate of 6 feet in a aeoond : thai 
measure 5i X 5 feet^ and deliver a constant stream of water, in&L 
a sectional area of 27^ square feet, whidi moving at the speed 
libovenamed, discharges 165 cubic feet^ equal to more tluui 4J 
tons of water in one second; or about 16,200 tons in m 
hour. A more simple or effectoal mode of raising a Imjj. 
body of water to a height of ten or twelve feet (from snr&eti , 
to surface) cannot well be devised, nor one less liable to derange- 
ment, from ice, weeds, and drift-wood. Bv this means upwank 
of 125,000 acres of Fen-land in England have been cleared of 
water under the author's direction, besides similar works of 
drainage in Holland, Germany, and in British Guiana, where the 
same machinery also irrigates the land in the dry season. For the 
drainage of small districts, it is probable that rotary or centri- 
fugal pumps may be used with advantage. The number and 
variety of these machines, exhibited at the Crystal Palace^ in 
1851, and the elaborate and valuable experiments then made^ 
have afforded data for their construction and improvement, whidi 
will tend to make their application to such purposes moie 
general, and prove one of the many benefits resulting from that 
ever-memorable display of industry and ingenuity. 



THE END. 
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BRIDGES OP STONE, IRON, TIMBER, 

AND WIRE. 

In 4 Vols., bound in 3, described in the Urger Catalogue of Pnblicatiom ; to 
which the following is the Supplement, now completed^ entitled 
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